Background: Urgent-start peritoneal dialysis (PD) can help patients with end-stage renal diseases (ESRD) that are referred late to dialysis. However, catheter patency and related complications of urgent-start PD have not been thoroughly clarified. We investigated the clinical outcomes of urgent-start PD in a Chinese cohort.
Background
End stage renal disease (ESRD) has become a heavy burden to public health worldwide. According to the 2017 United States Renal Data System (USRDS) report, the crude incidence of ESRD diagnoses was 378 per million/ year. Suprisingly, even with regular nephrology followup, more than 60% of the new diagnosed ESRD patients do not have clear plans when they begin renal replacement therapy, which prodispose them to a need for urgent dialysis [1] . China is limited in some healthcare resources, particularly in rural and remote areas [2] . A cross-sectional survey in China showed the overall prevalence of chronic kidney disease (CKD) to be 10.8%, with wide regional variations [3] . As most CKD patients are referred late to dialysis, unplanned dialysis is common in China [4, 5] . Moreover, as hemodialysis (HD) is unavailable in most rural or remote areas in China, peritoneal dialysis (PD) is the only option [6] .
As a home-based renal replacement modality, PD has been increasingly used by ESRD patients. By the end of 2016, China had 74,138 registered patients on PD [7] . Sterile surgical technique is the most frequently used method for PD catheter placement in our region. Previous guidelines recommended that catheter insertion should be performed at least 2 weeks before starting PD [8, 9] . However, it is unrealistic for these unplanned dialysis patients to wait for a two-week's period before initiating PD therapy. Urgent-start PD has been suggested to be an effective approach to prompt initiation of PD after catheter insertion, may avoid increased risk of central venous catheterrelated complications, including bacteremia, central venous stenosis, and thrombosis associated with temporary use of HD [5, 10] . However, the possibility of adverse effects from urgent-start PD, such as catheter dysfunction, fluid leakage, and early infection, was a major impediment to its wider use [8, 11] . Although several studies have reported complications related to urgent-start PD, their evidence was relatively weak due to limited sample size and regional differences [5, [11] [12] [13] [14] [15] [16] .
In our center, almost all patients with ESRD experienced urgent catheter insertion and immediate initiation of PD therapy. We therefore investigated the prevalence of complications and outcomes of urgent-start PD for these patients.
Methods

Study population
We retrospectively enrolled all patients treated at our hospital from January 1, 2006 to December 31, 2014. All patients satisfied the following inclusion criteria: (1) diagnosed with ESRD; (2) Tenckhoff catheters were inserted with sterile surgical technique by nephrologists; and (3) initiated PD therapy within 14 days after catheter insertion. Figure 1 shows the flow chart of the urgent-start PD program, which was defined as starting PD within 14 days after catheter insertion [16] . ESRD Patients who chose PD were placed double-cuff Tenckhoff catheters with open laparotomy technique by experienced nephrologists. A double purse-string suture technique on the posterior rectus sheath and parietal peritoneum was used for catheter fixation and prevention of leakage (Fig. 2) . The deep cuff was placed into the rectus abdominis muscle. Intravenous cefuroxime or cefazolin was used as a prophylactic antibiotic 30 min before catheterization, unless the patient was allergic to penicillin. For those allergic to penicillin, we used single-dose ciprofloxacin for antibiotic prophylaxis. Intermittent peritoneal dialysis (IPD) treatment was initiated immediately after catheter insertion with a dialysate volume of 500 ml per dwell for 1 h (8 cycles per day) in first day at the supine position, then 650 ml per dwell for 1 h (9 cycles per day) in the next 1-2 days, and gradually increased to 2000 ml or the maximum tolerable volume within 8 to 10 days. According to the program, the IPD regime took about 6-9 h each day. Patients then began continuous ambulatory peritoneal dialysis (CAPD) (Fig. 1) . A professional nursing team managed the IPD dialysate exchanges. Patients and their caregivers received a standard training program within 5-7 days after catheterization. Post-discharged PD patients were managed according to our follow-up program [17] .
Urgent-start PD program
Baseline demographic and laboratory data, and study outcomes
Demographic and clinical data, including age, sex, causes of renal diseases, comorbidity conditions, history of abdominal surgery, body mass index (BMI), and body surface area (BSA) were collected before catheterization. Laboratory data were also evaluated at the baseline. Residual renal function at the initiation of PD was estimated by the CKD-EPI equation [18] . We followed up the patients until any cause of dropping out of PD (death, change to HD, kidney transplantation, loss to follow-up) or December 31, 2016. The primary outcome was catheter failure, which was defined as functional catheter problems that required catheter manipulation or replacement, or lead to technique failure. Catheter patency was defined as continuation of PD without any catheter manipulation or surgical intervention [9] . Secondary outcomes included deathcensoring technique failure, functional catheter problems, and other urgent-start PD-related complications. Deathcensoring technique failure was defined as transferring to HD from any cause; death, kidney transplantation, loss to follow up, transfer to other centers, and recovery of renal function were considered as censoring events [19] . Functional catheter problems included any troublesome inflow of dialysate and/or outflow of dialysate that possibly needed surgical intervention [20] . Omental wrap was diagnosed by opening procedures in this study. Short-term and long-term urgent-start PD-related complications, such as perioperative complications (including significant hemorrhage requiring transfusion or surgical intervention, bowel perforation), early infections (exit-site infections and peritonitis within 2 weeks after catheter insertion), and abdominal wall complications (including pericatheter leakage, subcutaneous leakage, hernia, hydrothorax, and hydrocele) [9] , were recorded during the follow-up period. A PD team of three nephrologists reviewed individual medical records and identified causes for catheter failure, functional catheter problems, or technique failure.
Management of functional catheter problems and abdominal wall complications
Generally, a patient with functional catheter problem would receive an abdominal X-ray examination to identify whether the catheter had shifted. The drainage bag with dialysate was also examined to find any underlying cause for catheter obstruction. All these patients would initially receive conservative treatments. If the problem was unresolved, surgical interventions such as catheter manipulation, revision, or replacement, were conducted in the case of patient informed consent (Fig. 3) .
Patients with abdominal wall complications would receive decreased infused volume, or temporarily suspended PD, or temporary HD therapy to allow for the possibility of natural repair (such as scrotal edema, pericatheter leakage, and subcutaneous leakage). If the problems were unresolved, the patients would receive surgical manipulation or transfer to permanent HD, as appropriate.
Statistical analysis
We expressed the results as mean ± standard deviation (SD), frequencies (percentages),, and median (interquartile range [IQR]) according to the types of variables. The independent sample t-test was used for normally distributed continuous variables. The Mann-Whitney U-test was used to compare non-normal distributed continuous variables. For categorical variables, the Chi-square test was used. We apply Kaplan-Meier analysis to evaluate the catheter survival and technique survival. The Cox proportional hazards regression models were used to explore risk factors associated with catheter failure and abdominal wall complications. Data were analyzed with SPSS software (version 19.0). P < 0.05 was considered statistically significant.
Results
Patient characteristics
We included 2059 PD patients who met the inclusion criteria at our center: almost all patients initiated PD therapy immediately after catheter insertion and only a few patients who had weakness of peritoneum and rectus abdominis sheath would delay several days (within 14 days after catheter insertion) to start dialysis. Their mean age was 47.6 ± 15.9 years; 1212 (58.9%) patients were male. The most common cause of ESRD was chronic glomerulonephritis (58.8%), followed by diabetic nephropathy (21.8%) ( Table 1 ). All the patients were inserted with Tenckhoff catheters using sterile open surgery by experienced nephrologists. Coiled catheters only accounted for 7.4%, the rest were straight catheters. Generally, patients started IPD treatment immediately after catheter insertion with infused dialysis volume gradually increasing to 2000 ml or the maximum tolerable volume, and then started on the regular CAPD regimen as described in Fig. 1 .
The prevalence of functional catheter problems and catheter failure
During a median of 36.5 months (IQR: 17.7-61.4 months) of follow-up, 156 (7.6%) patients experienced functional catheter problems. Among them, 28.2% events occurred within 7 days after catheter insertion, 12.2% occurred between 8 and 14 days, 14.1% occurred between 15 days and 1 month, and 32.1% occurred between 1 month and 1 year. The distribution of onset time for catheter failure was similar (Fig. 4) . According to clinical and intraoperative assessments, 60.9% of the functional catheter problems were caused by catheter shift, 17.9% caused by omental wrap, and 19.9% from unknown causes. Similarly, catheter shift (65.2%) was the leading cause for catheter failure; whereas omental wrap accounted for a higher proportion of causes for catheter failure at 32.0%, and unknown causes were only 2.7%.
All 156 patients firstly received series of conservative treatments. Among them, 81 (51.9%) catheters were rescued and 75 (48.1%) patients had catheter failure. Catheter survival rate was 97.6, 96.4, 96.2, 96.2, and 96.2%, respectively at the end of 1-month, 1-year, 3-year, 5-year, and 10-year. The successful rescue rate for catheters was 41.3% for events occurring within 14 days after insertion, 54% for events occurring between 1 month and 1 year, and 85.7% for events occurring after the first year; and was highest in patients with catheter obstruction (100%) Serum albumin (g/dL) 3.5 ± 0.5 3.5 ± 0. (Table 2 ). An additional analysis found that a significantly higher percentage of patients aged ≤50 years had functional catheter malfunctions caused by omentum wrap than did patients aged > 50 years (21.7% vs. 7.3%, P = 0.039).
Prevalence of other urgent-start PD related complications
For perioperative complications, significant hemorrhage presented in 3 (0.1%) patients and none suffered bowel perforation. Early peritonitis occurred in 24 patients (0.28 per patient-year), and early exit-site infections occurred in 7 patients (0.08 per patient-year). Details of the relevant organisms and outcomes of these episodes are provided in the additional file (Additional file 1: Table S1 and Table S2 ). For the 147 patients (7.1%) who experienced abdominal wall complications (including hernia, hydrothorax, hydrocele, pericatheter leakage, and subcutaneous leakage), 36 (24.5%) of these events happened within the first month after catheter insertion. Among the early-PD abdominal wall complications, pericatheter leakage was the most common complication, which responded well to conventional treatments; none resulted in technique failure. By contrast, hernia, hydrothorax, and hydrocele were the most common major complications of late-stage PD. Patients with hydrothorax were transferred to HD ( Table 3) . After Catheter patency has been emphasized as the primary marker of successful PD catheter insertion; and ISPD guidelines recommend that the rate should be > 80% at 1 year [9] . Low catheter patency is a major concern in urgent-start PD because earlier-start PD may irritate the omentum and cause omental wrapping, thus leading to the catheter failure [9, 11, 21] . However, catheter patency rates were rarely reported in previous studies on urgent-start PD, whereas functional catheter problems (including catheter malfunction, catheter shift, and/or omental wrapping) reportedly fluctuated between 2.0 and 15.4% in previous studies [5, 11, 13, 14, 16] . In our study, 156 (7.6%) patients experienced functional catheter problems; 40.4% of their functional catheter problems occurred within 14 days after insertion, and 51.9% were rescued by the conservative methods. Only 3.6% of the catheters in our study cohort failed and needed surgical interventions. The 1-year catheter patency rate and technique survival rate in our study population was far in excess of the recommended target [9, 22] . By our experience, careful feedback and communication among the nephrologists, the PD nurses and the patients was helpful for promptly catching and solving functional catheter problems. We have a team with excellent nephrologists and nurses who responsible for the process of PD therapy from inpatient to outpatient treatment. Generally, catheter-related complications would be estimated by the PD nurses firstly and then diagnosed by nephrologists. The team would discuss whether the complications were related to catheter insertion technique, or insufficient training, or other causes. Finally, some potentially useful suggestions to solve the problems would be proposed. In addition, early initiation of low-volume PD may also help prevent catheter obstructions, and local adhesions which could eventually lead to catheter failure [23] . We also found that younger age was a risk factor independently associated with higher catheter failure in the current study. Further result showed that younger patients had higher percentages of omentum wrapping as a cause of functional catheter malfunctions. Perhaps younger patients have more active omentum, which may lead to a higher rate of omentum wrapping and subsequent catheter failure.
Abdominal wall complications (especially pericatheter leakage, which happens early after catheter insertion) are also major concerns in urgent-start PD [9] . Reported incidence of dialysate leakage varies from 1.5 to 37% in regular PD patients [5, [24] [25] [26] [27] , but fluctuates between 0 and 13.5% in patients who receive urgent-start PD [5, 11, [13] [14] [15] [16] . In theory, increased intraperitoneal infusion during PD will increase the intraperitoneal pressure, and eventually increase the risk of developing abdominal wall complications. Our results shown that early pericatheter leakage only occurred in 19 (0.9%) patients in our cohort, and all these cases responded well to conservative treatments; none of them resulted in technique failure. As introduced in the present study, a double purse-string suture on the posterior rectus sheath and parietal peritoneum (Fig. 2 ) was used to fix the catheter and strengthen the "artificial weakness" at the catheter insertion points. In addition, a gradually increasing IPD regimen (Fig. 1) to start PD was used in the current study to prevent suddenly increased intraperitoneal pressure. The lower intra-abdominal pressure could prevent dialysate leaks and allow abdominal incisions time to heal after catheter insertion. In this way, the incidence of pericatheter leakage was successfully decreased. These results suggest that urgent-start peritoneal dialysis can be effectively conducted with an acceptable rate of abdominal wall complications. Our study also identified that male sex, diabetic nephropathy and lower hemoglobin levels were independent risk factors for abdominal wall complications, which indicates that we should pay more attention to these patients at risk for assessment and management before initiating PD, and during follow-up period.
Early infection is another concern about urgent-start peritoneal dialysis. A Danish study reported that whereas 15.4% of urgent-start peritoneal dialysis patients suffered peritonitis within the first 3 months, 15.4% of the planned PD group also suffered peritonitis [11] . However, in the present study, early peritonitis occurred only in 1.2% of our patients, and the long-term overall incidence of peritonitis was 0.16 cases per patient-year, as reported in our previous study [28] . In our center, a single-dose of prophylactic antibiotic was given 30 min before catheterization. All incident PD patients and their caregivers would undergo standard PD training. Taken together, strict sterilization procedure, preoperative antibiotic prophylaxis, experienced nephrologists for catheter insertion, and a professional nursing team to train patients and caregivers may help control occurrence of early peritonitis.
Several limitations should be taken into consideration in this study. First, selection bias was inevitable for a singlecenter cohort study. Second, as a retrospective study, we could not control some potential confounders, such as variations among catheter insertion techniques by different operators. Third, as we lacked a control group, our study still cannot show whether urgent-start peritoneal dialysis is better or inferior to planned PD for patients who can wait for planned PD without receiving HD.
Conclusion
Our results over 10 years show that ESRD patients who received urgent-start peritoneal dialysis had high rates of catheter patency and technique survival, and low incidences of catheter-related complications, which indicates that urgent-start peritoneal dialysis is safe, efficacious, and practical for patients with ESRD. A unique infrastructure and management approach that includes a well-trained PD team, a standardized procedure for catheter insertion by experienced nephrologists, a carefully designed initial PD prescription, a well-planned training curriculum for patients and their caregivers, and comprehensive followup care appear to be essential for the successful urgentstart peritoneal dialysis program. Clinical outcomes of unplanned versus planned dialysis starters among different PD centers warrant prospective study.
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